Isomerization of proline-93 during the unfolding and refolding of ribonuclease A.
Using the method of isomer-specific proteolysis, the isomerization of proline-93 has been monitored directly during the time course of the unfolding and refolding reactions of RNase A. It has been found that proline-93 is 100% cis in the native protein and 70% cis in the reversibly unfolded protein. During the unfolding reaction, the change from 100% to 70% cis occurs as a first-order process with a relaxation time of 140 s in 8.5 M urea, 10 degrees C. For refolding, the change from 70% to 100% cis also occurs as a first-order process, with a relaxation time (10 degrees C) of 90 s in 0.3 M urea, 130 s in 1.0 M urea, and 310 s in 2.0 M urea. Parallel experiments which measured the recovery of enzyme activity during refolding were also conducted. These show that 30% of the activity recovers in a slow phase with a first-order relaxation time (10 degrees C) of 100 s in 0.3 M urea. Because of the excellent agreement of both the amplitude and relaxation time for trans-to-cis isomerization and for activity recovery, it is concluded that the slowest phase in the recovery of enzyme activity is rate limited by the isomerization of proline-93. These results demonstrate that proline-93 must be cis before refolding to the active form can take place, in contrast to previous suggestions, and argue against the existence of a nativelike intermediate form on the refolding pathway which contains proline-93 in the incorrect trans configuration.